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HISTORICAL  . 


The  earliest  examples  of  this  branch  of 
the  ceramic  art  were  doubtless  the  sun-dried  bricks 
of  Egypt,  Assyria  and  Babylonia.  Remarkable  to 
say,  many  of  these,  which  in  a  northern  climate 
the  frosts  of  a  single  winter  would  destroy,  have 
been  preserved  for  3000  years  or  more  by  the  dry 
warra  atmosphere  of  those  countries,   ^un-baked 
bricks  of  ancient  date  are  also  found  in  the  mud 
walls  of  old  towns  in  India.  Kiln-baked  bricks 
must  have  been  the  products  of  a  later  time.   They 
are  found  in  all  the  chief  ruins  of  ancient  Baby- 
lonia, where  they  were  often  used  to  face  or  bind 
together  walls  of  sun-dried  bricks  and  occasional- 
ly they  were  even  ornamented  with  enameled  colors. 
These  ancient  bricks,  whether  baked  by  the  sun  or 
by  fire,  were  all  made  of  clay  mixed  with  grass  or 
straw.   The  ancient  Creeks,  probably  owing  to  the 
abundance  of  stone  in  their  possession,  cared 
little  for  building  with  burned  clay;  but  most  of 
the  great  ruins  in  Rome  were  originally  built  of 
brick,  and  the  Romans  appear  to  have  introduced  the 
art  into  England.   Interesting  historical  informa- 


has  "been  ohtained  from  impressions  on  Roman  and 
especially  on  Babylonian  "bricks.   Tn  many  instances 
tha  Roman  bricks  found  in  ISngl^nd  have  "been  removed 
from  their  original  position  and  employed  in  ' 
construction  of  buildings  of  later  date,   Tn  1260 
the  first  modern  or  Flemish  brick  were  made  in 
England  at  Little  Wanhara  Hall  in  Suffolk.   Tn  Amer- 
ica hricks  were  made  in  Virginia  as  early  as  1<">12, 
in  N"ew  Sngland  in  1647,  in  Philadelphia-  in  1685  and 
later  in  the  wjst  as  civilization  moved  westward. 


VARIBTISS  01?  BRICK. 


Common  building  brick  may  be  mada  of  any 
clay  that  can  ba  molded  mil  and  then  burned  to  a 
hard,  uniform  texture  and  rad  color.   Hood  bricks 
do  not  absorb  morj  than  10^  water*  Brie'1'  are 
classed  as  arch-red  or  salmon,  according  to  what]  ar 

ay  comd  from  the  contjr,  inner  or  outer  portions 
of  the  kiln.  The  first  are  inclined  to  be  hard  or 
brittle  and  the  last  to  be  too  soft. 

"<Yont  brick,  also  known  as  pressad,  re- 
prassad,  Philadelphia  prassad  or  faca  brick  is  a 
smooth,  sharp-edged  brick,  first  class  in  color  and 
is  usad  for  the  front  or  any  othar  axposad  surface 
of  buildings  where  good  affact  is  particularly  de- 
sired.  Than  thara  are  many  othar  variatias  of  brick, 
such  as  fire  brick,  enameled  or  glazed  brick,  paving 
brick  and  sever  brick. 

There  are  approximately  100  variatias  of 
brick  manufactured  in  the  United  States.  A  conser- 
vative estimate  of  the  brick  produced  in  the  United 
States  would  b3  about  50,000,000,000  annually.  Tha 
United  States  claims  to  have  some  18,000  brick  man- 
ufacturers. 


T3CHN0L0GY  OF  CLAY. 


DEBTNTTIOU:  -  The  term  "Clay"  in  its  most  cowmen 
usage  includes  a  large  variety  of  substances,  which, 
when  mixed  with  water,  are  said  to  become  plastic, 
or  capable  of  being  molded.   The  numerous  different 
varieties  of  clay  differ  widely  in  "both  composition 
and  physical  charact eristics,  but  the  examinations 
of  many  clays  show  the  universal  presence  of  cer- 
tain constituents  which  compose  the  clay  base.  This 
clay  ba.se  is  called  kaolin.   It  is  owing  to  thin 
mineral  that  clay  possesses  the  property  of  plasti- 
city which  makes  it  of  use  to  man.   Clay  may  •  - 
be  defined  as  a  mineral  mixture  in  vhich  kaolinite 
is  present  in  sufficient  amount  to  impart  to  the 
mass  its  characteristics  to  a  degree  allowing  of  its 
use  in  the  manufacture  of  clay  wares.  Kaolin  beds 
or  deposit;:  are  found  in  Eastern  United  States, 
West  Cripple  Creek  Hegion  of  Colorado,  Mexico, 
England,  Bta. 

The  physical  properties  of  raw  clay  are 
structurj,  color,  feel,  slaking,  strength,  bonding 
power,  plasticity,  shrinkage,  porosity,  specific 
gravity  and  fineness  of  grain,  and  the  physical  pro- 


parties  of  burnt  clay  are  structure,  color,  strength, 

shrinkage,  porosity,  specific  gravity  and  fvsibi- 
lity. 

?TRTJCTTJR^:-  The  structure  of  a  deposit  of  clay  is 
of  importance  since  on  it  depends  the  means  employed 
in  removing  the  clay  from  the  hank  and  in  prepair- 
Ing  it  for  the  molding  process.  Clay  structures 
are  slaty,  shaly,  jointed,  laminated  or  concretion- 
ary when  viewed  in  the  pit. 

0OL0P:-  The  colons  which  clays  assume  are  almost  in- 
finitely variable.   Common  clays  are  colored  brown, 
rjd,  black,  blue,  gray,  buff  and  all  tints  between. 

:-  The  feel  test  is  oru  of  the  first  to  which 
the  prospector  resorts  in  ascertaining  the  texture 
and  plasticity  of  a  clay. 

":-  A  substance  slakes  when  by  the  addition  of 
water  it  is  broken  into  small  particles  and  crumbles 
down.   The  importance  of  this  property  is  that  a 
clay  which  takes  water  eagerly  and  rapidly  crumbles 
down  will  work  up  into  the  plastic,  m&riable  condition 
with  great  readiness  than  one  that  requires  pulveris- 
ing before  water  has  any  appreciable  influence  upon 
it. 


STRENGTH:-  The  collision  of  clays  may  k  tasted  from 
two  standpoints,  that  of  tension  and  compression  or 
resistance  to  crushing. 

"BONDING  POFER:-  Bonding  power  of  clays  is  defined 
as  the  ability  to  stand  the  addition  of  non-plastic 
natter.  The  cl.ays  standing  the  addition  of  th« 
largest  amount  of  sand  or  other  inert  substance 
and  whose  strength  is  least  impaired  by  such  addi- 
tion is  said  to  possess  the  greatest  bonding  power « 
PLASTICITY:-  Fere  it  not  for  the  property  which 
clays  possess  of  becoming  plastic  when  moistened 
•with  water,  their  economic  importance   ould  be  al- 
most entirely  lost.  Plasticit;/  is  thus  the  charac- 
teristic of  clays, when  wet,  which  allowB  of  their 
being  molded  into  the  innumerable  shapes  and  sizes 
o  f  modern  clay  wares. 

SERIBKA&Bt**  It  is  well  known  that  clays  on  drying 
undergo  a  decrease  in  all  their  dimensions.   This 
decrease  is  d.uj   to  the  settling  together  of  the  clay 
particles  when  the  water  is  evaporated. 
P0P03ITY:-  Porosity  of  a  clay  may  be  defined  as  the 
ratio  between  the  volume  of  the  clay  and  the  open 
or  pore  space  amonj*  the  clay  particles.   This  is  ft 
very  important  physical  factor  in  burnt  clay  wares. 


gPBCIPXC  GRAVITY:-  Specific  Gravity  has  net  been  shown 
to  V.      ctor  of  especial  importance  in  the  econo- 
mic treatment  of  clays.   According  to  the  conception 
that  specific  gravity  is  a  function  of  porosity,  It 
is  considered  to  have  a  bearing  on  the  fusibility 
of  clays. 

WSSSMSB   0!F  GRAOI:-  Thfl  fineness  of  the  grain  of 
clays  has  an  important  bearing  on  plasticity,  shrinkari, 
porosity  and  rapidity  with  v/hich  they  can  be  dried 
and  burned  and  thjir  fusibility. 

"iTJcTBTLTTY:-  A  substance  is  said  to  be  fusible  whan 
by  subjection  to  a  cere  in  set  of  condi  ions,  it 
may  be  mada  to  change  from  the  solid  to  liquid  state. 


PROCESSES     IS     THE     :.."AMtTFACTDRB     02     CLAY     VARES. 


WTTTN1S0  07  RAW  MATERIAL. 
In  th3  manufacture  of  any  products  making 
use  of  raw  materials  found  in  nature,  the  first  prob- 
lam  to  be  mot  is  that  of  winning,   winning  includes 
that  preliminary  part  of  the  process  of  manufacture 
which  "brings  the  crude  materials  to  the  prepairing 
machinery.   It  is  always  advantageous  to  "build  the 
manufacturing  plant  as  elosa  as  possible  to  the  de- 
posit of  raw  material. 

The  common  means  "by  which  clays  are  won 
are  surface  digging,  quarrying  and  raining. 
SURFACE  BIGGING:-  Clays  of  the  -ore  earthy,  loose- 
textured  varieties  occuring  at  the  surface  of  the 

and  may  he  dug  in  shallow  pits.  Surface  digging 
is  carried  out  by  the  use  of  the  shoval  and  wheel- 

K   sacond  method  is  b3r  the  plow  and  scraper. 
The  use  of  the  staam  shovel  for  open-surface  workings 
is  prevalent  in  some  of  the  larger  clay  working 
cjntars  of  the  country. 

flUARRYDTG : -  Ouarry  methods  are-  resorted  to  in  dig- 
ging clays  where  the  latter  are  of  such  a  character 
or  the  strata  of  such  a  thickness  as  to  require  more 
forcible  means  in  loosening  them  up  than  the  pick, 
shovel  and  plow.   The  shales  which  furnish  a  large 


proportion  of  the  raw  material  utilized  in  the  clay 
indxxstry  where  unweathared,  are  usually  more  or  1,33s 
indurated.   This  induration  has  of tan  proceeded  to 
such  an  extent  that  the  deposit  takes  on  a  slaty 
or  stony  hardness  and  can  he  "broken  only  "by  drilling 
and  Masting. 

HTKIITO:-  The  third  method  of  vanning  clay  is  only 
employed  v.-hera  the  clay  to  he  won  is  of  such  a  nature 
as  to  he  especially  desirable  for  some  line  of  manu- 
facture and  where  clay  which  will  serve  tha  same 
purpose  is  not  obtainable  at  the  surface,  fining 
is  practiced  in  the  clay  industry  only  to  a  limited 
extent.   Tt  is  more  expansive  than  any  other  method 
of  clay   getting  because  of  the  extra  equipment  neces- 
sary in  the  way  of  timber  and  extensive  track  lines 
provisions  for  ventilation,  light,  etc. 

Following  the  winning  of  the  clay  or  its 
removal  from  the  hank,  the  different  stages  of  the 
process  of  manufacture  are  as  follows:-  Transporta- 
tion to  v-orks,  preparation  for  molding,  formation 
of  the  ware,  drying  and  "burning.   These  different 
operations  van'  in  importance  with  tha  procass  of 
manufacture  and  tha  character  of  the  clay  used. 


TRANSPORTATION"  07  TF3  RAF  MATERIAL   TO   THB  WORKS. 


This  is  accomplished  in  several  ways,  expand- 
ing upon  the  amount  of  clay  required  and  the  loca- 
tion of  the  plant  with  respect  to  the  clay  deposit. 
Thera  tha  slopa  is  low  and  the  distance  short  th3 
clay  may  he  wheeled  from  the  pit  in  harrows.  Large 
quantities  of  clay  can  ha  economically  removed  and 
carried  some  distance  in  scrapers.   Tn  some  instances 
clays  are  shipped  in  hy  rail  from  distant  points. 
TTorse  and  cart  haulage  is  quite  common.   Transpor- 
tation over  car  lines  is  practiced  in  nearly  all  the 
larger  pp.  i 

A  more  common  location  of  tha  plant,  hew- 
ever,  is  above  the  level  of  the  hase  of  the  clay  de- 
posit.  Tn  this  case  the  cars  are  drawn  up  an  in- 
clined trestle  or  tramway  using  steam  or  horse  power. 
Steam  power  transmitted  from  the  power  plant  of  the 
factory  secondarily  by  means  of  cables  is  the  common 
agent*  The  cars  a,re  drawn  up  by  the  cable  which 
winds  around  a  drum  located  at  the  works  end  of  the  line. 
The  drum  is  usually  actuated  by  a  small  auxiliary 
engine  supplied  with  steam  from  the  main  boilers. 
Tf  considerable  power  is  necessary  and  the  capacity 


of  tha  plant  fairly  largi,  it  ifi  usually  advisablj 
to  install  a  snail  engine  of  the  required  horse  power 

to  do  the  work.   Clays  ara  hoisted  in  this  mannar 
regardless  if  the  slope  he  long  and  low  or  short  and 

high* 

The  cars  used  in  this  connection  are  of 
three  principal  types,  vis.,  side,  bottom  and  and 
dump.   Any  of  these  may  he  had  of  varying  capacity 
carrying  from  one  up  to  two  or  three  cubic  yards  of  clay. 
Whether  one  style  or  another  is  used  depends  or.  tha 
arrangemanl   '      Lng;  and,  if  a  large  or  a  small 
car,  on  the  amount  of  clay  required  and  the  height 
to  which  it  is  to  be  raised.   For  a  plant  of  an 
average  capacity,  say  60,000  brick  per  dayt  from  7r  ic- 
on cub.-  yards  of  clay  will  be  needed,   Wltli  cars  each 
carrying  a  yard  and  a  half  of  da;,;  tc  supply  this  cut- 
put  it  would  take  forty  to  forty  five  cars  per  day. 
Instead  of  merely  meeting  the  demand  for  clay  as  it 
is  needed  at  the  p repairing  machinery,  provision  is 
usually  vifda   for  a  reserve  supply.   Sonetl     &ds 
or  large  storage  bins  are  provided  i      ha  clay  is 
stored  r,r,d   drawn  upon  when  needed*  Tha  storage  bin 


is  always  located  no  as  to  bring  the  clay  as  r 

as  possible  to  the  machinery  in  order  to  reduce  t] 

;ns3   of  extra  handling  to  the  minimum.   The  com- 
mon plan  is  to  elevate  tha  car  track  some-hat  above 

level  of  ha  grinding  apparatus  and  dump  the 
rav  clay  on  a  platform  or  into  the  "bin  so  that  it 
may  be  fad,  largely  by  gravity,  to  the  machine.  An 
excellent  arrangement  is  a  funnel  shapes'  "bin  open- 
ing "below  directly  into  tha  dry  pan  and  surrounding- 
it  by  a  substantial  platform.   At  tha  mouth  of  the 
funnel  a  rotating  cylinder  having  usually  four  com- 
partments may  lu  placed  having  8,   Very  slow  speed 
and  feeding  the  same  quantity  continucurly  and  at  a 
uniform  rate  into  the  dry  pans.   Tn  a  device  cf  this 
type  two  different  cla:rs  or  shales  or  combinations 
of  both  may  be  fed  into  the  pans  by  having  the  ro- 
tating cylinder  divided  by  a  partition  in  the  center 
of  the  drum  and  having  tv.-o  funnel  openings  instead 
of  one  witb  two  compartments  in  the  bins.   Tn  most 
modern  car  systems  means  are  furnished  for  automati- 
cally dumping  the  clay  when  the  cars  reach  a  certain 
point  in  their  course. 


PREPARATION"  OF  1KB  RAW  MATERIA!., 


The  condi  ion  of  h«a>  clay  as  it  comas  from 
th«     ia  not  ordinarily  such  that  it  can  at  one-1 
be  formed  into  ware.   Tf  it  is  a  hard  shale  clay,  it 
will  require  grinding  and  a  thorough  mixing  with 
water.  If  a  surface  clay,  grinding  is  lass  important 
but  complete  mixing  is  necessary.  Clay  banks  sal doc 
consist  of  matarial  constant  in  charactar  from  top 
to  lot torn.  By  grinding  and  mixing  an  average  of  tha 
bank  is  accomplished.   Tn  order  to  attain  a  uniform 
composition,  which  is  always  desirable,  it  is  not  only 
essential  that  the  different  kinds  of  clay  ba  added 
in  certain  proportions  but  that  the  mixture  be  uniform 
in  all  parts  of  the  sau  pieca  of  ware .   This  re- 
duction of  the  raw  materials  to  a  degree  of  fineness, 
•  I  ich  axparianea  has  shown  best  for  the  class  of 
goods  to  which  they  ara  applied,  and  blending  or 
mixing  these  constituents  into  a  homogeneous  body 
is  accomplished  by  two  typical  methods,  the  dry  and 
tha  wet. 


-HRY  ITSTTICmS   0  •   PREPARATION. 


CHUSHBRSi-  The  first  step  in  the  preparation  of  clay 
in  the  dry  way  is  tha  reduction  to  fine  size.   For 
this  purpose  the  common  rock  crusher  may  he  used. 
Tha  machine  consists  of  tv/o  jaws,  one  of  which  is 
stationary  and  the  other  mounted  to  vork  on  a  pivot. 
A  modification  of  this  machine,  although  based  upon 
the  same  principle,  is  the  cylindrical  hoppjr  in  the 
center  of  which  is  supported  a  gyratory  cone-shaped 
metal  head  with  a  corrugated  surface.   It  requires 
little  power  to  operate  these  machines.   The  capa- 
city of  these  crushing  devices  will  vary  from  two 
to  tv/o  hundred  tons  per  hour,  depending  upon  the 
material.  In    tha  irlay  ^nuuetrijs  crushers  are  avail- 
able for  "breaking  dry  and  the  raoct  "brittle  material 
only.  Tha   property  which  clay  possesses  of  packing, 
and  thus  apt  to  clog,  ..hen  subjected  to  pressure, 
although  it  may  apparently  he  perfectly  dry,  renders 
any  machine  vhich  communica.tei.  "by  crushing  ina^jli- 
cabl^  except  to  a  v~ry   limited  MCtent  in  clay  manu- 
f ac  tur - . 

R0LL3:-  Crushing  rolls  are  used  be  a  considerable 
extent  in  the  clay  industry  as  ...  means  or  preliminary 


preparation  of  "both  dry  and  wet  clay.  Typically 
they  consist  of  tvo  revolving  rolls  between  which 

the  clay  asses.   Tn  installing  a  machine  of  this 
sort  an  accurate  knowledge  of  the  character  of  the 
clay  to  bd  fad  to  it  would  be  njcessary  in  order  to 
select  a  machine  that  would  give  the  highest  possible 
efficiency.  ■"    set  of  average  sized  rolls  will  prapara 
clay  for  25,000  to  150,000  briclc  (  95  to  570  tons 
of  clay)  pjr  day,  depending  on  the  speed  at  Which  it 
is  run. 

^TSTNT^ORATOR?:-  '"hero  variation  in  construction  are 
brought  in  sc  that  the  machine  bjcoir.jc  r.ore  than  a 
^ere  crushing  da^ice  the  tern"'nisint.igratcr"  is  ap- 
plijd.   A^iong  disintegrators,  two  broad  divisions 

b3  nade,  those  that  pulverize  partly  by  crush- 
ing  and  in  part  by  rubbing  and  those  in  which  ccmni- 
nu'ion  is  accomplished  by  the  fore 3  of  impact.  Dis- 
Intagrators  are  employed  most  advantageously  with 
dry  clays  and  in  the  dry  clay  processes  of  manufac- 
ture but  are  also  recommended  for  plastic  materials. 
Their  capacities  vary  with  Ha   cl      1   Lth  the 
speed  of  revolution.   They  are  ma.de  with  capacities 


of  from  60  to  400  tons  of  clay  p.ir  day  and  require 
from  10  to  40  horse  power* 

DRY  PA?<T3:-  The  dry  pan  crusher  is  employed  tc  a 
greater  extent  than  any  other  grinding  machine  for 
shale  and  other  hard  and  lumpy  clays.   Tt  hap  a 
wide  range  of  usefulness  because  of  its  ability  to 
pulverize  any  hard  Material,  from  worn-out  fire 
bricks  for  use  as  grcg,  and  hard  limestone  in  the 
cement  industry, to  the  less  refractory  classes  of 
rai  clas.   The  machine  consists  essentially  of  a 
revolving  metal  pan  above  which  are  supported  two 
large  mulljrs  which,  in  different  sized  pans,  range 
in  weight  from  two  to  three  tons.   The  inner  portion 
of  the  pan  floor,  upon  which  the  mullers  rest,  is 
solid.   Xhe  outer  portion  hns  a  perforated  bottom 
and  the  clay  pass  ~t  beneath  the  rollers  is  carried 
otitward  over  the  screen  plates  by  the  centrifugal 
force  of  revolution.   The  mesh  varies  with  the  clay 
and  with  the  degree  of  fineness  desired,  but  the 
majrrity  of  pans  are  made  with  three  thirty-seconds 
or  one  ee^th  inch  perforations.   All      *ial  failing 
to  pass  this  mesh  is  gathered  in  by  scrapers  set  so 


i  to  throw  it  again  immediately  in  front  of  the 
r3volvir.g  mullers.   She  ground  clay  passing  the 
screen  plates  ia  caught  on  a  receptacle  beneath 
thfl  pan       neentrated  at  the  foci  of  an  ele- 
vator which  convoys  it  to  the  screens. 

Dry  pans  are  constructed  with  either 
■rood  or  steel  frames*  Whatever  the  material  of 
supporting  framework,  it  must  be  substantial 
and  built  to  withstand  constant  jar  and  heavy 
jolting.  The   elasticity  that  a  wood  frame  pos- 
sesses moans  the  consumption  of  mora  power  in  oper- 
ating than  a  perfectly  rigid  frame. 

Dry  pans  are  made  from  five  to  nine  feet 
in  diameter  with  mailers  having  eight,  to  fourteen 
inch  face.   The!  power  required  to  drive  one  of  these 
pans  depends  upon  the  materials  to  b-    und  and 
the  degree  of  fineness.   -"o  far  as  economy  is  con- 
cernad,  they  are  wakeful,  tout  no  other  machine  has 
Sees  found  that  will  replace  the  dry  pan  with  an 
equal  expenditure  of  pewer*  Likewise,  ite  capacity 
is  variable <  With  an  average  ay  be  said 

that  a  nine  foot  pan  will  pulverise  to  pass  a  ona- 
airht  mesh  scr,j  -n  over  one  hundred  tons  per  day  of 
ten  hours. 


:-  There  orj   few,  if  any,  of  the  differ, 
tee  f c  r  grinding  dry  clays  that  reduce  then  to 
particles  of  such  a  uniform  else  that  a  latjr  grading 
process  is  net  required*   trading  is  accomplished 
"by  means  of  scro^ns.  Screens  are  nade  with  i  a  she  a 
departing  principally  upon  the  siaa  of  particles  to  pass 
them,  although,  as  will  be  seen  latar,  i'o  dapeiids 
partly  iipon  the  style  of  screen  employed.  There  ara 
two  classas  of  matarials  usad  in  the  manufacture  of 
clay  nereens,  wira  netting  and  parforatad  metal* 
The  farmer  is  much  usad,  but  lass  and  lass  as  the 
merits  af  fchs  latter  become  known.  The  proportion 
of  opan  spaca  to  solid  metal  in  tha  parforatad  scraan 
as  now  made,  approximates  that  of  tha  wira  scr-.;!i. 
which  gives  i  b  an  wtual  scraaning  power.   Tha  parfo- 
ratad scra=n  being  entirely  in  one  piaca  is  smooth 
and  there  is  not  tha  chance  fer  roots  or  other  fibrous 
matter  to  lodge  la  tha  ma aha s  as  is  the  case  in  tha 

i  screen.  It  it  thus  easier  to  clean  and  to  ke.ip 
clean.   Tha  loosening  of  a  singi  ■  vire  is  apt  to 
disable  tha  wira  scraan  while  tl      -.1   Ib  not  subject 
to  this  disadvantage. 


Thar  a  are  three  chief  types  of  serins,  viz., 
i  inclined  stationary  screen,  the  Inclined  vibrating 

screen  and  the  rotary  screen. 

IKCI3  ts:~  The  inclined  screen  i 

essentially  a  rectangular  trough,  the  bottom  being 
cevered  with  netting  clr  perferated  metal.  Its  length 
varies  fren  ten  to  fourteen  feet.  The  trough  is  in- 
clined at  an  angle  cf  thirty  to  forty  five     •  s 

•ding  to  the  size  of  particles  that  are  to  pass 
the  mesh  of  the  screen  and  the  condition  of  the  elay. 
It  should  b   sc  -       5  that  the  inclination  may 
he  adjusted.  The  slay  Is  brought  up  'oj   an  elevator 
fro:.     grinding  apparatus  and  dumped  on  i     apper  . 
jnd  cf  the  scr^jn.  Tts  fall  over  +'   ■  peen  Is  due 
to  gravity  alonj  and  at  a  certain  inclination  will 

definite  velocity.   Play  pas;:in  through  the 
screen,  falls  to  ?.   trough  below  and  !  s  cenveyjd  to  a 
bin  beet  lccaUd  immediately  above  the  temp-ring 
machine. 

INCX2  :-    •  inclined  shaking 

ccrjjn  in  similar  to  the  fixed  screen  except  that  is 
is  much  short jr  and  is  set  at  such  a  lev.  angle  cf  in- 
clination that  rtjchanical  aid  is  used  to  cause  a 
continual  downward  movement  of  the  stream  of  clay, 
figuring  alone  on  the  basis  of  the  amount  of  clay 


screened,  the  vibrating  acreen  giv^:;  a  much  ]  I     sf- 
ficienc  . 

: -     i   ara  two  principal  types  of 
rotating  ecreena,  cylindrical  and  polygonal. 
rotary  screen  consists  of  an  open  framework  covarad 
or  llnad  with  acre  en  material,  either  wire  eloth 
or  perforated  steel  plate.  These  acraena  glva  nora 
trouble  in  keeping  hem  c]        the  other 
described* 

("round  clay  storage  bins  are  usually  pro- 
vided for  t'av   recaption  of  the  ground  clay.  In  a 
bin  of  considerable  vizi,    several  cubic  yards;  may  v3 
atored  for  use  when  the  preparing  machinery  is  nc 

>psration«  A  convenient  shape  for  the  stc; 
bin  is  that  of  a  large  hopper,  broad  above  with  a 
long  ttp.r  to  a  relatively  snail  opening  in  f 
center  of  bha  bo t tea.  Tha  bin  should  be  as  hig] 
feasible  and  its  sides  as  steep  as  feasible  since 
there  is  always  the  tendency  of  pulverized  clay  to 
pack  and  to  1  ank  up  under  the   ->st  favorable  conditions. 
For  this  reason  if  tha  claye  ara  coi  v   1  from  the  bin 
to  lha  pug  mill  or  auger  machine  by  a  spout, 


latter  will    furnish  a  mora   constant    supply  of  clay 
and   cavisa  less    brow  '  it   is  larf;3   and  uniforn 

in  size  or  troa  bro&de  is  the  opanirv 

be    icra  of   . "  -   bin« 


VOKKKZIOK  OF  CLAY 


anufaetui  .     rick. 
Thorj  are  t*/o  methods  of  brick  making,   a  is- 
1,  ,  soft  and  stiff  mud*   xi-j  soft  mud  process  will 
.  considered. 

3 :  -  I  a  (sera  "Stiff  ud"  signifies  the  istinctifcn 

between  this  and  the  other  processes  of  making  brick. 
r  -  clay  is  tampered  to  a  stiffly  plastic  stats  so  that 
11  can  bo  molded,  but  it.  will  not  shape  or  flew  under 
slight  pressure  as  does  ths  clay  when  prepared  'by  the 
soft  mud  procei  .    is  clay  is  mads  of       con* 
i    >ncy         ill,  under  h-zavy   pressure,  flow 
through  a  die  ifl     ahape  o:  a  bar,         -    unp 
strc .  retain      rm  even  when  i  bjected 

to  considerable  strain  ^ i     longitudinally  or  later* 
all;  . 

re  b  o  principal  types  of  stiff  mud 
machines,  the  upright  and  the  horizontal.        on- 
slst  pssentially  of  a  small  pugging  chamber  at  the 
exit  of  which  is  the  die  that  forme  the  bar  of  clay. 
Oii  the  same  e      tth  the  pugging  knives  is   an  at  gei 
whlc]  is  the  means  of  forcing  the  <  las  dlSi 

clay  ordinarily  corals  to  ths  brick  maohine  from 


..  preparing  ."; .  >/ic;j   in 
and  r-ind^r^".  tb a r o u  gh  1  y  plas 1 1  e •     T i 

in j   the  pug  ;ing      '       carry  the   clay    to   the   auger 

.  _cjo   it   into    .  igh 

action  of  the  pui  Ivee  and  auger  uric; 

ry  pressure   the   day  is  strongly  cur, 
issues  fron     "  -  oolid  "bar. 

he  "bar  of  c3    y   rune   f  ora  -   onto 

a  soring  bel  ■  ■•    .      It  to  tl  ...  i      table* 

t f  accordini 
■:  nil  or 

3    .  c  .'       brick. 

The  ma;-..  ity  of  "-  '  injs 

eu1    bricl    if    eig]  '    to    fift  )usand 

lrin  iTenty»five  horse 

nines  of  S3    U  tin  the 

n 
per  ho  .  . 

:  -    :  a  i      jral         as  of  cutting 

Lee*     The  be  ei  '  8  or 

tic,     SFl  -  ci        .  .      "by  wires   wfl  icl    ara 

•Lightly   ,'  'Von  pre  '  *  a        '•!     Prs    a. 


frame  may  be  ]  ]    "■.   •       the  moving  "bar  of  clay 

and    :.  •   ;      '  /  ]  \        any  number  rf 

•as,  up  to  a  do:,  fche  desired  thickness 

ft,        By  vr,  in  construction 

t]  .:    type  of  cutter  nay  cut  the  clay  by  direct   lateral 
movement  c if  tha  wires,   or  "by  a  lateral,   partially 
rotary »&owrmard  notion . 

■-''•  '  brick   cutter  mas1 
ij.il       -     several  a     Ths  wires  must  make  a  smooth 
T3  cut  brick ■     The  movement  r  f  the   sutter 
i  mooted  wi1  f  the  el  ay 

•  a  varying  Telocity  of  tha  latt   ,-  will    cOTsrattni- 
,  similar   el  i  i    bha  movemenl    of  tha   cutl  •■ 

Afl  jr 

-   off~b      •  ltt     The  latter 

'eloc  ' n        thai       'tha  moving  bar 

the  bricl  leave  t!  3   cutl  >r  convenient 

"or  handling  to  the  dryer  c-rF,. 
Of  1  hs  other  methods  of  brick  makin  ;  are: 

■epr  a f  brick  made  by  stiff  mud  process  also 

:.-  fl  recess  to   vcm?   sxtent,    dry  press  which  is 


manufacture  of  bricfc    From  iry  i  •  ■      •■'  '    11  -    try  ri~-  , 
:   ■,"  >  of  drain  tils,   hollow  brj  blocks, 

■  pott  try* 
Prop  s rti as  of  Ci ey - . 
The  requi  1  -    to 

applicable   for  stiff  mud  manufacture    are    somewhat 
closely  drawn.     Many  of  the   clays  suitable   for  soft 

I    d    P         tiff  mud 
methods*   Stiff  mad  must  pe  -■'         ■         t  F  plas- 

ticity in  crdor  to   fIt     sal  Isfactien   in  -  -  - 

Lne.        Since   tl   >y  are  more  plastic,    shrinfcag 
in  drying  is  usually         -  stror»| 

to  r  '■-  straii 

Drying  of  Claj 

drj  in  '■•  -'•-■•  "  F  water 

pon  of  t)  rried 

on  und  cl    cond   '  h<  ,         not  1      injur 

d  "■  .''•, 

The  water  whlcl    olays.  contain  '■'■■r: 
- 

ccpic  water*     Tha  latter  is     lira  '. 

pulveri  »artb     aubi  re  allowed  to 


stand  in  contact  with  the  ati  o sphere.       aun' 

.-oscopic  moisture  in  clays  depends  partially 
on  the  humidity  o±'   the  air,  but  mere  largely  on  the 
fineness  oi         ■   {-rain  of  the  clays.  Q»l3       of 
plasticity  is,  therefore,  ordinarily  expelled  in 
drying.  Popping  of  brick  frequently  results  from  too 
rapid  or  overheating  of  clay  in  drying  due  to  the 

cannot  escape  as  '  .pidly  as  it  is  formed 
and  thus  exerts  accumulative  pressure. 

The  conditions  in  closed  chamber  dryers  - 
different  from  the  old  out  door  air  method* 
no  longer  circulates  of   itself  but      t  must  be 
prodtmed  to  mOTe  it.  The  heat  for  drying  is  not  con- 
tained  in  the  air  as  it  enters  from  the  outside, 

mast  >e  supplied  to  it  artificially.   In  .'us 
eystei  the  :^rick  -  ;^r  ..hj   dryer  at  at  ^spheric  w  - 
p^ratures  and  leave  it  at  much  higher        burec. 
Practical  Considerations  in  drying 

Tf  the  rtr'/:Lnf?  of  clavs  were  aloncs  a  matter  of 
ir  evaporation  beat  and  air  supply  could  be  so 
proportioned  ?p  to  accompli}1   his  tallest 

Since,  howdvar,  the  preservation  of  the  form 


itself  is  tha  pri  tar;         t- 
sidere  tion,    drying  must  bo   so   conducted  as   to  most 
economically  raTiovj    the  watei  Lie  re  nese 

necessary  c]  t      Los  of  tha  ware  drijd. 

'.ion  of  rjmovi..:  rom  clay  ware, 

commonly  rag  continiious  process,   may  fairly 

be   dirid^d  into   thrae  mor~  or  ljsa  wall   defined  stages* 
raj   haating,    tip   stags,      jriod  of  shrinking, 
-3   of  jvaporation  or   completion  of  the   drying 
prop  3  '. 

In   the   continues  a  dry^r,    wb  ■"-   used 

at   tha  press  Lme,  it  has  been  ■  '      teal 

as  well  .a  eccnorucal   to   alio  Mae"   in 

a  steamy  atmosphere  until  thoroughly  heated  before 
dryinr  is  }  »«  o  bepcin.      ••  completion  cf 

dryi:  Lfl   raid    co   bo    "bono"  or    "white"    ':'-'-  and 

is   ready  for  tha  kiln  althougi    it   s.till   contains 
so£'  high  as  3/£  of  water. 

are   fire  typical  methods   of  accomplishing 
drying  of  clays,   namely,   outside  air  drying, 
hot    floor,    sawer  pipj  or   slatted   fli     r,       sr iodic   or 
ohaml   .  ;r  and   the   continuous   tunnel   dryer.     Of 

these   the   fifth  process  will  be    considered. 


Continuous  Xunnol  T>ryer. 
This  dryer  is  usually  built  on  the  tunnel 
plan  tha  da tails  of  which  ara  shown  on  sheets  numbers 
five  and  six.   Tha  air  inlat  is  a  series  of  openings 
frora  a  large  sowar  or  duct  running  tha  whela  width  of  the 
tunnals.   These  openings  ira  controllad  by  damper s 
and  are  so  proportioned  thai  their  total  area  will 
not  excaad  50^  of  cross  sact.ion  of  tha  main  air- 
duct  . 

Th *  principal  variation 

........  . 

dees    tha  drying i  ■  ler  " L,      "   .     • 

under  two  heads,    direct   and  indlra< 

f   By    ""  tl 
Dlroeti 

(By  •  . 

(   Radiatloi  id  brick  wo] 

Tr*iract( 

(   '' '        .on  1 

drying  by  Fasta  Bases    from     :1]  is. 

In  this  proceai  ry» 

Thin  is        -■,---  Pans.  i 

for  controlllni       "        "  -   over  na- 

tural  draft  ii  oroe,     loving 


exactly  equal  volutins  of  ai*"  during  similar  periods 
of  time,  and  v/hilj  the  temperature  and  humidity  . 
vary  from  day  to  day  the  spaed  of  the  fan  may  ha  ad- 
justed so  as  to  pass  the  requisite  amount  of  air  under 
different  conditions. 

Tn  this  system  the  heated  gases  from  the 
cooling  kiln  arj  drawn  into  the  dry.;r.      Great  care 
is  taken,  however,  to  turn  the  gases  into  the  stack 
before  they  have  cooled  down  to  their  dew  point. 


. 


Combustion  o  P  "  i  s3  i 
"burning  of  els  '     ar  ;compllshed 

the  consumption  of  fuel,     ffnd  ir  pr   ctical  filing 
conditions,    tt   is  well  Jcnown  that  it  is  impossible 
to  "burn  fuel  without  bringing;  into  tha   furm         tueh 
la  -ger  quantities  of  air  than  are  necei     -  r  per- 

fect combustion.     Where  3  teither  desirable  nor 

necessary  to  have  a  large  ere  iss  of  air  passing 
through  the  fire,   the  incidental  lessee  In  tha   flue 
gases  may  be  hJld  much  lower  by  careful  methods  of 
firing.     Tha   work  of  the   mechanical  3     "   Is  ic 

facilit  ihustion  by  listrib      '■■  -    nd  propor- 

tioning  fuel  a  tag  :    to  o:  ■  c- 

complished  wit]  iubi  amount  of  air. 

PRACTICAL  CC  The   typical  methods  of 

ling  solid  3  wra  three,   viz.,   flal      rata 

,   Inclined  grs  furnace  and  dead  bottom 

fire.     The  fit      f^rata  bar  i:   by  far  the  common 
in  the  clay  industry,  -  -   is  pl&oed  in  a  hori- 

gonial  position  and.  ti  -        ■    for  combustion  comes    Prom 
below  througl    tha  bars  '  'r  -     " ;. 

great  cara  tali  le  to  yield   the  hj 

possible  heat  sffieiency. 


-    inrli  '       '       ;   from  J 

last   in  hai  rs   sot   or.  s   slops   fiown- 

aning  Into  1  c  ■ . 

j    I    ■■  h.  'ro'  »ut    tha  i 

of  .  -.-. .      The   furnaefc   Is  construe  h  a 

for  dr   ft    '  •  I   baa  from       '  '  ■ 
for   '  "    Lesion  of  fuel      shangas  vl  Icb  occur  in 

1    -   %  xrning  of  cl  iye  . 

Tha  ~ -■       hiefc    '   &a  plaea   in  clays   iuring 

ournii  bo   claeead  undar  two  1%>3.':'s)    ?v  I      n'3 

physical  |  '  '         -?    character  of  cl :-'  is  alt  ^n? 

al  processes.  3a]    - "  bat 

cla:  r       .  'or  all  < 

--''-•■ 
I 
.      ili:~  dahydration,    c:  brlfi*" 

cat  i<     . 

-  the 

of  driving  frv  clay  all  r   It 

con'-  ins.      tt  ocours  (  .    '    "'  .  "  it 

r.jd  '  i         -■  praotii    II..     5omp1  sted  at   70G   ftagr 

c  a ltricrads . 


After  successful  expulsion  of  1         s  ac- 
ne further  ehanga  takes  place  until  low 
red  heat  ic  attain     '     tern]       s>  be  ra- 
pidly raised  te  »hie  joint.  combined  water 
commence*  to  Leave*    This  is  the  "rr°t  ^r-cnokinf;" 
period  of  dehydration  and  is  conpleted  wits  an  in- 
crease of  150  degrees  of  temperature.  3?he  water- 
king  period  ic  best  conducted  with  plenty  of  air 
to  dilute  the  fire  r^.szr-   and  water  and 

»r  vapors  that  bj~in  to  leave  the  clay.   Ihe  ideal 
fuel  for  this  period  is  or .3  frea  fro:n  sulphur  and 
-r. 

In  the  second  stage  of  oxidation,  the  pro- 
railing  ohangss  that  occur  aro  procassas  of  eombina- 

j  with  oxygen*  This  latter  reaction  riv^p  bo 
common  rlays  color  and  If  th  "«o?+    Lmpor 

lomenon  occuring  during  this  pariod.  The  process 
of  oxidation  begins  about  coo  to  GOO  degrs  >s  eentri- 
grade  an#  should  be  completed  within  500  degrees • 

r~ilnfc. 
?• -  .r-t   fire  varloue  types  of  ki"  ;  in  the  brick 
industry.  Of  "       •  us  kilns  in  common  use,  prae- 


J  ically  all  .  pe,   intor- 

r  of  clay  1 
country . 

k  kilns  may  ha  &i\  i'1 .        i        "::...-.■::      Fndar  in* 

nt  the  -  &<  ft  j 

ire  t  saxpc  rar         ""   pel  aa« 

ler         ;.:•-'"!'.'  | .;  .-1     ( ] 

and  tl       ta  ;uvj;    under  parnu  ;  r^ 

'  rect,    ~  PfJ  '     ■     |  ..r    :!ir.r4 

i        ■  iff3  ^      a 

.    .     '  I  I  v:  e  in . . 

'  ''  • 

.  . 

Ths   1  -  -  X\  aacsmplified 

I     r    tha    01  [  3  I  -  V« 

T.    be  tl  typai      he  IE :."'      t  j    built   chiefly 

r      :V.  . 

;  draft  Icil  r  into 

lirec  i    iffle,    acoc     ling  ccr/b.u  1  ion 


pases  pass  through  the  ware,  thus  heating  by  con- 
vection, or  are  separated  from  the  ware  "by  a  partial 
or  complete  enclosing  wall,  through  which  the  clay 
is  "b-'rned  by  radiation  and  conduction. 

The  round  updraft  kiln  is  the  early  pottery 
kiln,  and  its  use  has  continued  up  to  the  present 
time . 

Down  Draft  Kilns. 
Round  Down  Draft  Kilns:-  The  commonest  example  of 
the  down-draft  kiln  is  the  round,  single  stack  kiln. 
Todifications  of  the  simple  type  are  many,  according 
to  the  conditions  and  clay  in  different  places. 
The  number  of  stacks  is  found  to  vary  largely  and  the 
arrangement  of  the  flues  leading  to  the  stacks  and  the 
openings  from  the  kiln  chariber  into  the  flues  are 
points  of  variable  design. 

The  burning  of  all  wares  through  which  it  is 
allowable  for  the  fire  gases  to  circulate  is  accom- 
plished by  the  transfer  of  heat  from  the  fire  by  these 
moving  currents.   The  production  of  an  equal  draft 
through  all  portions  of  a  kiln  of  ware  is  thus  an 
all-important  consideration. 


The  round  down-draft  kiln  was  first  "built 
with  but  onj  canter  draft  opening  which  lad  to  an 
outside  stack.  The  evolution  of  this  type  of  kiln 
has  taken  place  largely  by  modifications  and  im- 
provements in  the  flue  systems.  An  early  step  in 
this  evolution  was  to  have  in  place  of  the  center 
well-hole  oneqpen  flue  across  th a  niddle  of  the 
kiln  bottom.   The  pases  are  naturally  drawn  by  the 
shortest  route  to  the  exit.   A  further  modifica- 
tion was  to  afford  a  flue  circling  the  interior  of 
the  kiln  and  connecting  with  a  diametric  flue  such 
as  was  first  used  alone.   To  prevent  extreme  concen- 
tration of  the  draft  in  this  kiln  the  flues  are  closed 
for  soma  distance  in  the  part  of  the  kiln  naarast 
the  stack.   While  of  course  such  a  provision  servas 
to  retard  the  more  pronounced  flow,  the  tendency 
for  the  gas ;s  to  leave  the  kiln  as  near  the  stack 
as  possible  is  al  ays  present  and  invariably  disturbs 
the  equality  of  the  draft. 

To  equalize  the  draft  from  circumference  to 
canter  the  use  of  radial  flues  outward  from  the  centar 
i'j  the  most  common  method  of  construction.   Occasions.1 


openings  are  mada  into  these  flues.   The  openings 
fire  larger  the  farther  they  are  from  the  center  so 
that  the  outside  portions  will  draw  as  strongly 
as  the  central  portions.    A.  perfect  draft  in  an 
j-Tpty  kiln  may  be  v^ry   far  from  such  when  the  kiln 
is  full  of  brick. 

The  permanent  false  floor  is  a  part  of  nearly 
all  recent  down-draft  '  ilns.  Tt  is  built  of  fire 
brick  and  so   supported  with  open  brickwork  as 
to  leave  ample  space  below  it  in  which  the  gases 

circulate  freely  to  the  flues.   The  shallower 
the  flues  are  and  still  furnish  the  required  cross 
ssction  the  more  favorable  will  they  be   for  the 
freedom  of  draft.   The  upward  movement  of  the  gases 
in  the  stack  has  alone  to  do  with  producing  the  draft. 
The  closer  the  stack  is  to  the  kiln,  the  greater 
the  extent  to  which  this  lateral  draft  difficulty  is 
avoided. 

Beside  the  proper  construction  of  the  various 
parts  of  the  kiln  so  that  the  operation  may  be  under 
accurate  control,  there  must  be  provided  means  for 
this  control.   The  flow  of  th«  draft  is  controlled 


"by  dr.mpars.   These  are  of  two  chief  types,  slide  and 
valve  dampers.   The  former  are  mora  common  than  the 
latter.   "lide  dampers  may  "bo-  operated  zither  hori- 
zontaly  or  vertically.  ?hen  in  horizontal  position 
they  are  in  t}ie  stack  and  when  vertical  they  usually 
are  at  the  base  of  the  stack  in  the  main  flue.  These 
are  generally  made  of  heavy  sheet  iron.  An  improve-  - 
ment  ov^r  sheet  iron  is  the  fire  clay  damper.   The 
horizontal  damper  is  a  more  perfect  contrivance  as  it 
tends  by  its  own  weight  to  prevent  leakage  of  the 

3js  around  it. 

The  number  of  stacks  on  round  kilns  varies 
from  one  to  as  many  as  there  are  fire  holes.   A3ide 
from  the  control  the  cost  of  construction  is  greater 
for  numerous  small  chimneys  than  for  one  large  one 
to  do  the  sam=j  work. 

For  burning  brick  which  are  of  necessity  closely 
set  and  thus  tend  to  restrict  the  draft,  kiln  diameters 
rang  .J  from  20  to  30  feet  and  even  more.    The  height 
of  the  kiln  should  be  made  to  exceed  very  little 
thi  height  of  the  ware  stacked  in  it.  Brick  are  i 
from  25  to  35  courses  high.   c"ix  feet  is  an  average 


distance  from  tha  floor  to  the  spring  of  tha  arch.. 
The  arch  should  here  about  a  4  ft.  rise.  The  fira 
hoi  as  are  best  set  from  2  to  3  f  t .  balov  tha  level 
of  tha  kiln  floor.  By  so  doing  the  radiation  from 
tha  base  of  tha  bag  walls  becomes  aff active,  heating 
tha  war a  near  tha  kiln  fleer.   Tha  numb a r  of  fire 
holes  rangfl  from  8  to  12  according  to  tha  diameter 
of  the  kiln.   The  type  of  fira  placa  depends  on  the 
wara  to  ba  burned.   The  stack  is  placed  close  to  the 
kiln  and  tha  flue  conn  actions  should  ba  as  shallow 
ac  possible. 

The  round  down  draft  kilns  hold  from  30,000 
to  60,000  brick.  An  average  rectangular  kiln  con- 
tains 150,000  to  200,000  brick. 
"DSST01T. 

In  designing  a  plant,  aftar  a  company  has  baan 
organized  and  tha  capacity  determined,  the  first 
step  is  to  nak=s  a  survay  of  the  ground  and  determine 
the  general  topography.  Having  made  the  survey  tha 
drainage  system  nay  be  laid  out  and  the  various  grades 
determined.   Than  tha  general  plan  of  works  is  Bade 
from  which  the  remainder  f  tha  design  is  worked. 


.  ,t    ';1  shows  the  genjral  plan  of  works.   Sheet  #2 
shows  the  elevations  and  depths  of  all  footings, 
foundations,  piers  and  flues. 

The  elfty  aftjr  leaving  the  pit  lfl  hauled  up 
an  inclined  trestle  to  the  concrete  clay  •  rage 
bin.   This  is  shewn  on  sheet  1.  Sheet  #7  shows 
a  detail  of  the  reinforced  concrete  raw  material 
storage  bin. 

The  material  after  being  dumped  into  thi  bin 
may  be  passed  through  crushers  or  pulverizers  f 
necessary.   If  not  necessary,  it  passes  directly 
into  the  nine  foot  dry  pans  where  it  is  prepared 
for  the  pug  mill.   Sheets  number  land  3  shew  this. 
After  being  ground  in  the  dry  pan  the  clay  falls 
through  a  screen  down  into  a  pit  and  from  this  pit 
it  is  elevated  by  means  of  a  belt  with  buckets  at- 
tached to  the  elevator  tow^r  and  discharged  onto 
a  screen.   The  ccrjjn  passes  through  a  certain 
amount  and  the  remainder  is  returned  by  nj?jic  of 
the  tsalin^s  spout  to  the  dry  pans  where  it  is  re- 
work jd.   ;7iu^t  #3  shows  £'-  detail  of  this  method* 


After  the  clay  has  passed  through  the  mesh  of  tha 

sc re  en  It  is  fed  into  a  small  ground  clay  "bin  large 
snough  to  hold  a  one  day  run.   From  here  it  is  fad 
onto  a  belt  conveyor  "by  means  of  the  opening  in  the 
bottom  of  hopper  bin,  thanes  to  the  pug  mill  alraady 
described.   She  details  of  this  ara  shown  on  sheets 
numbers  1  and  3.   Aftar  baing  mixed  thoroughly  and 
made  plastic  in  the  pug  mill  it  is  fad  into  the  brick 
machine,  which  is  of  the  auger  type.   In  the  brick 
machine  the  clay  is  compressed  in  a  long  column  and 

ia  eat  of  the  brie':  machine  flie  onto  the  cutting 
table.  On  the  cutting  tafte  the  brink  is  cut  into 
the  desired  length  automatically  and  then  passes  on 
to  the  off -bearing  belt.   From  the  off -bearing  belt 
the  green  brick  are  loaded  on  tbe  dryer  car,  the  ca- 
pacity of  Which  is  about  GOO  to  800  brick.   The  bcick 
Which  are  imperfect  are  dumped  off  the  end  of  the  off- 
bearing  belt  and  elevated  up  by  means  of  elevator 
buckets  to  a  return  conveyor  which  returns  tbe  clay 
back  into  the  pug  mill  to  ba  used  over  again.   After 
being  loaded  on  the  dryer  cars,  tha  cars  are  placed 
in  the  rl-yor   tunnels,  where  they  are  left  for  shout 


thirty  six  hours  and  then  removed  to  tha  kilns. 
The  kilns  are  of  tha  round  down  draft  type  \vith 
two  stacks  and  tan  fire  boxes.   Aftar  tha  kiln  is 
burned  which  takas  from  48  to  96  hours,  it  is  laft 
to  cool.   Than  a  "gooseneck"  is  fitted  into  ona  of 
tha  saalad  door  ways  of  the  kiln  and  tha  wasta  haat 
gases  are  drawn  out  into  tha  underground  flues 
shorn  on  sheet  number  4.   The  cases  are  drawn  out 
by  means  of  a  12  foot  induction  fan  making  about  120 
revolutions  par  minute.   Tha  <-;ase.s  aftar  passing 

*ough  the  flues  are  drawn  up  into  the  suction 
chamber  and  then  discharp-ad  through  the  fan  into  tha 
Butin  duet  and  then  through  tha  openings  into  tha 
dryer  tunnels  shown  on  sheets  number  5  and  6.   A 
ie  ft,    -'st  fan  is  so  located  that  it  d  *aws  tha 
heat  through  thj  tunnel*  at  the  required  velocity. 
This  exhaust  fan  makes  130  R.P.M.  "Roth  the  induction 
and  exhaust  fans  ara  ste.il  plate,  three  qu attar 
housing. 

Aftar  the  brick  are  burned  they  ara  removed 
from  tha  kilns  and  placed  in  the  storage  shed,  the 
details  of  which  arj  shown  on  sheet  #8.   From  this 


storage  shad  the  brick  are  shipped  by  r?il  to  various 
points  as  desired* 

EKTBH  Tt.T!W.HEL3:-  If  slaba  arid  girders  he  reinforced 
to  take  care  of  the  negative  bendini       I  1  ov;r 

supports  they  will  j;.ci  as  continuous  beams,  and 
tha  banding  moment  at  the  center  of  the  span  r  ill 
be  reduced*  .  Tt  ie  considered  good  practice  to  use 
the  following  values ? *  ^'or  beans  end  slabs  continu- 
ous over  both  supports  let  *  ~       1*",  continuous 
&V»r  one  support  only  let  II  -  l/lC  vl*  and  freely 

3d  let  M  ~  l/B  wl  ;  where  H  -  bending  moment 
at  tlw  center  of  the  span  in  foot  pounds,   -  total 
uniform  lire  and  dead  load  In  pounds  per  sonars  foot 
and  1  -  length  of  span  in  feet,    "hen  moment b  are 
used  in  tsuations  they  are  ts  be  multiplied  by  12 
to  reduce  the  moment  to  inch  pounds.  Unless  care 
be  taken  tc  Insure  proper  position  of  t]  -   '  ie!  over 
the  supports  it  is  wall  to  use  II  -  l/lO  wi  . 

F©r  the  shear  let  ?  -  total  shear  at  the  sec- 
tion in  pounds,  let  b  -  width  of  the  section  in  inches, 
let  d  *•  depth  of  the  section  to  center  of  steel  in 
inches  and  let  small  v  -  the  unit  shear  in  pounds  par 


•guard   inch.     Therefore  v  -  v/bd.      When  tlie  "b  a  am  is 
reinforced  the  working  stresses  may  he  assumed  at 

100   to   12.P3   pounds  pjr   squar-j   inch. 

;   stress  on  the  concrete   fc  be  assumed 
as  coo"  per  square  inch  and  the   stress  or;   the   steel 
f3  as  l?,ooo#  per  square  inch,    the  weight  o  f  '"  a 
concrete   s.s  150$  per  cubic    "     '  .     Then  assume 
liva  load,  as  40#  p  »r  square   foot.     Using  the  maximum 
span  of  IS   feet   for  roof  of  iJ  !   a  width  Of  12 

ft.  "      in  answer  for  all  tha   soetlona  at    jither 

lc  iding  er  unloading  end  of  sheds. 

Tt  is   oftefi  very  desirable  to   relnj  fche 

slahs  in  twe  direetl*   is       1   suppert   tha   Blah  hy 
means  of  beasts  on  four  sid^s.      Tf  the  panel      s   square 

>n  one  half  of  the  total  load  is  carried  in  each 
direction,  hut  as  panels  have  •    greater  length  than 

idth  the   distribution  of  load   is  deteifminad   b; 
the   formula   r  a  1  /l  +-  b     ir.     hie]     r   aqi  als  the  pro- 
portion of  the  lead  carried  hy  tha  reinforcement 
placed  the    short  way  of  the   slab,   1   ss  length  and  6   a 
breadth  of  "-^   slab.     '  ■    '  length  ti   brei         ^ 

13/\12  -  1.083.     "py  plotting  values  of  r  and  values 


of  l/b  we  gat  a  curve  such  that  the  vertical  ordi- 
natos  give  tlu  proportion  of  the       load  carried 
by  the  short  reinforcement. 

k  ^  fzpn  fpT?^~p n  a "4  J  -/-  '/3  ^ 


Qftd  /tj/j///?^    mo/wen/  f/ca/ycsf/r;  A/& 
=  ^fc  Jcj&d*  <W  ^  =p6cf;  Mete  tore 

Assume   a    4"   slah   the  weight   of  which  is 
\0   +  48  or  88#  per   bo.    ft.      Consider  60/l00  of  the 
total  load  carried  "by  the   shorter   span   or  52. 8#  per 
sq.    ft.        Consider   4C0.OO  of  the   total  load  carried 
by  the  longir   span  or  56«.£#  per   sq.   Ft.      The  bending 
moment   for  th  2    short   span,   ?.TT,    is  l/lO  X  luad  X 
span  T  span  or  B.K.    ia  l/lO  X  52.8  X  1?.  X  12  or 
760.3  ft.   pounds  or  9035    inch  pounds.      ?or  a   Blab 
of  4"   the   depth   to    th«    steel   is   3   inches.        ^rom 
"TurnaaV-a  <?    Tfauar"  page   297 ,    tbe  pera&BBahle  B.K, 
is  10600    *#.        1  c    =■  l/fi    fc  bd£  therefore   d2  = 
6"'c/bfc     or  6   X  902r</f>00  T  12   or   7.52   or   d   n  2.7" 
which  ia  approximately  ~",  vs  e  1*000  X  A  X  fd 

therefore  A  s  8  X  9025/1^000  r   7  X  3   -  0.229    Bq,    in. 
per  foot  width  of  slab   steal   required.      ¥rtm  Turneaure 
&  TTauar  page   292  md   rods  f"  diameter   spaced 

5-£-w  on  canters.      Area  of  same   is  0.24.     B.M.    for  long 
span  r  l/lO  X  35.2  X  13*13     T  12   or   7140"#.      A   = 
8  X  7140/15000  X  7  X  2.375   -  0.221  therefore  use  £•• 


diameter  rods  spaced  5+"  ^n  centers*     Tha  shear  at 

»nd  of  tha   slab   is  314/3x12  or  9.6#  and  35.2  x  12/36 
r=  11. 7#  shear*      Therefore  we   S3;  that  tha   shear   at 
tha    .?nd  of  t"1  i  slab  is  vary  small  compared  to  other 
quantities  and  will  ba  amply  taken  oara  of*     The 
Interior  slabs  of  tha  roaf,   for  a  4"  ?l?b,   the  >>3ndin£ 
moment  M  m  l/l°  wl     arid  as  the   slab  is  continuous 
ov^r  th.2    supports  will  ba  leas  than  whan  M  =  l/l<>     '1 
and   therefore   the  previous  calculations  and    amount  of 
reinforcing  will   tak?   car:   of  nil   conditions. 

Beams  or  girders  to  carry  the  roof  load  to 
tha  column  ma?  be  used  "but  in  thia  casa  a  shallow 
beam  rill  ba  considered,     ^or  3   single  beam  M  ■= 

1  j      ill  only  consider  the  maacirauai  conditions* 

Tha  banding  moment  M  -l  1.20  x  88.5  x  13^  =  18000"#. 
Assume  f>n  T  Beams  •>  12.28#.     Carnegie   safa  lord  in 
pounds  for  13   foot   spas   a  5960#.     M  *  Sl/e,    S  ^  Trc/l, 
»  -f   r-ij  therefore  7'  «  $  x  12.28  x  13*  x  12  ^  sii:-0B# 
and  S  -  21130  x  S  /  B18  ^  2940#|    tharafora  use  6" 
x  Baaas  ©  12.25$  throughout  "both  leading  and  unloading 
roofs*       Where  6"  T  Beam  r?s+s  on  column?  it  ma: 
ba  advisable   to  rivet  a  %*  plate  on  t  beam  in  order 


to  distribute  the  roof  loa.d  uniformly  ovjr  the  entire 
crosr  section  of  column.   The  maximum  load  on  the 
column  -ill  be  approximately  14,000-.   As  lon£  as  the 
steel  and  concratj  adhere  the  relative  Intensities  of 
stress  in  the  two  materials  "ill  be  n-  t]  sir  moduli 
of  elasticity.  Let  A  denote  total  cross  section  of 
column  -  Ac  cross  section  of  concrete  -  A^  crosc  iStlOn 
of  steel  -  p  the  ratio  of  steel  area  to  total  are?  s. 
Ks/A    -   fa    —  Stress  on  concrete  -   ■  the  ratio  of  moduli 
of  steel  °nd  roncr^tj  at  the  given  stress  -  fc  -3  5/sc- 
p  _-  toi  -~i    strength  of  plain  column  for  stress  fc  '  nd  P,  - 
total  strength  of  reinforced  column  fo1-  ?  +  ~3r-'r;  f0;  then 

D+(r>-j)pJ  ^/j  aJso  P-/P-  /+/,rt-/)p  #2..  T7?e  ap/?//^  />? create 
/n  ^^rey7^/-h  CAisseJ  /?y  fe/n-foKcerrvesr/  /  s   ^"~J>  -fa—Op  ^3 

Let   r.   -  15,    assume    2j£  of  steel   then  A  -  14000/  606  x  1.28  - 

18.6   therefore,  use  <3n  r  6"   sou-t^  column.     'Tri-     36   sq.   in. 
and   load   to   bo   carried   as  14000",     '  •    igth  of 

a  plain  concrete   column  would  be   600  x  36    =-  2160O#.    Then 
from  abOTe   equation  V,/P  -  14/31.6  —  1   *  (lr    -  l)   P, 
therefore  use   4f"  round  rods.     Assume  bearing  pr sssur e 
of  soil  at  4000  to   Booof  per  square  foot.     Then  area 
required  would  bd   2.3  sq.    ft.    -  use  footing  18"   square. 


Design  rf  tunnel  roof  t]        g   n  of  which  is  3*9" 
=  lAo  w/^for  end  spans  arc'  1/1?  wl^  for  inter- 
.        s stone  a    '"  iigh1    '',''*  '"  ich  is   48#  and 

let  the  lira  load  b*    *0^  per  sf«    ft.     W  =-  l/io  x  88  x  379  a 
134   ft*   -;/   k.  ldlO^M  a  lA5    K  "B  "  3^t"    x  12  «  1340"    . 
Xs    -   15000   ;;   A  X  |d.         A.  a  8   x  1610/  15000   x   7   x   3   ^ 

?"  rods,    spaced  18"  or  centers, 

'     S>    .05, 

ills  of  the  dry      tela  are  to  "ha  4" 
--  rounj  rej    >9g  J4«  og  eentera  lonp;itudi- 

nr.i"'     he  -ir.  on  tally. 

Span  of  rent   duct    slab  be  6.8   feet.     Bb«  let  1    a 
l/lO  •- 1  2  ^  l/lC   ::   200  x   ^7^     "  12  =   72*0"  pounds. 
rs  =  15000  x  A  x  yd,    therefore  A  e  8  x  786©A50O0  x  7  x  6   - 
,09  ■*  a  i  "   round  rodr-  spaced  8"   on   centers.      A 

dryer  car  i    id  load   of  brick  weigh  abeul    4000#,    :nd  as 
only  wheels  c   i    1  -  mt   duet    slab  at   one  time 

or  200S  '  per  rail,    •  al  load  will  be  °oo     |  sr  so. 

ft.    includj  ht  of  the   0"   Blab,      although  this 

reinforeing  than  necessary  it 
,dvi  sable   to  use   i.+   due   to   +v s  ui     Wtainty  sf 

1.1  V  J    lo     "  . 


*  roof    •  Ine  for  uni- 

folio  ro:-  ""  =.  PL/300  +- 6L+K>/3 

'    -  eqt  ft.   cf  bldg* ,  L  =. 

..   of      tr  feet,  D    ja  dii  con  cantor 

t  P  s.  load  ■  ■ .        .  truss. 

',     m     ,"  .  rr1     1.:      hiGh   "",  -  ©f 

.     ' .  .  . ,    fr  -  cantor  to 

trusses  in  feet        '  "A,  -  3  so.,   ft.   on  pu  lins. 

""    '    •    "  VL  \-  Required   a  wal]  'orj      "         Idas  of 

■  1  y   storage  bin  18  ft,   hig 

jO^c^j    ,.\  ,  _  ...gsj,^   boing  35    aegreos 

and  tl  3 ••      ,  or    ihale  100$  j      ■  eu.   ft, 

cce  <|>  ^  Oi   "'  ^'>,    X  =.1      jft*        Then  Py  .*  tlOO    c  18   )  t 

0.3191"    a-  13300   lbs,    «    S?   a.  ?£   cgj  9-1    ~">n   x  .81915    - 

10900  lbs,    $  *■  tn  .  ipos©  v  r    '  u.i  te- 

tfea  wall.       Py  n.  thrust  ifrc  .  ,al  behind 

11  in  •    1  i  -  -  Lied  to    tl 

k,    I     3  hori   en1  el3    i     \  -    ■  ''      -'  -      V 

:.     -       iboi      the  bass,     "■   '   x  - 
height  of  1  =l  t  cf 

volume    (1  eu*   ft.)   of  tl  ral] 

;:r     -    k^X    f06O H 

Co^0+/?o^5rrc^^  ■ 


.       '.  .    \  ■.  of  rjpoi  i ,    that  is 

.'  ■       .     ;  of 

Jd  0  »cj>a        ""V  -=.       *"  <fc>   .     If  as 

ntal    6^.  2j.:'o    ...     ?y  =  {       ;.)    \l±s*snq>) . 
ically  .  ~  en  miber 

,  1    .    .  :'  the  haal 

he  horizontal. 
-       "  :  kha    slop 3 

Una    :        irallel   te    SB.       Mai  -      '     -  '    fast,     nd 

c.---     3    3  p:  rallel  111  "'"    &ha 

■1«       '    ^.,    K£S  <     mOT 
'  i  .       i       ".'=..  10.33  *  2  *  48.2,    ai  *a  of 

"T  =  .  .  '    .-     *  ,  ai  "     *  48.2  * 

8     it  132*2.      '.i-   ■.  ■  on  the  eff         *12* 

'.. .,      an         -  horizon     \  Ing         at  "b.      I    j    • 

c        ah  =■  : ...     e  and   Aran  hk   horizontal   cu  '  pro- 

le.     The:       ill  b  be  center  ( 

j    ..  •..    -;■"..  K     ill   bd   the   center  i  irity 

of  the   trial  ,      Scaled  distance  bk  *  3     . 

Than  I    ..  .2  *  132.2  -  3,87  feet.  i    * 

...       fa  st    anc7   \  ..  cantar  of  i  ; 

triahgle . 


h«   area   UK       rultip]     id  by  100   will  b 
ht  of  prism  oii3   foct  long  =  3       .  100   «  132    3    . 

the  decimal    seal  a  of  forces  make  P.m  vertical  equal 
to  13720  and  draw  Tg  parallel  to  J3J  cutting  RS  at  3.     TS 
will  than  represent  "by  tha    seal  a  of  forces  tha  amount 

di  root  ion  of  tha  resultant  P:r,   the  center  of  action 
of  which  is  through  p.     ^rop  a  vertical   S,    cutting   tha 
horizontal  through  B  at  3;'  than  P."'  will  ha  the  resultant 
horizontal  component  of  Py  and   scales  10750. 

Assume  the   foundation  3.5   feet  be^ow  the  nround 
lirij  which  is  for  enough  below  for  protection,   under 
ordinary  conditionr,    from  frost  upheaval  and   try  a 
hase  2  feat   thick-       She  top  of  tha  base  will    then  he 

""*  or  1,5  faet  below  tha   floor  and  ground  level   at 
Tr  and   tha  1  .iTr ,;r  arm  o**  the  resultant,  horizontal   component 
will  he  RH*  a  7,5   feet.     Tha  handing  moment  of  the  wall 
IBC5  -..t   rP  will  he  10750  x  7.5   a  80625   foot  pofcnde.      7or 
•   spas  of  10   feet  the  load  par  lineal    foot   for  1"  of 
width  tha-t   will  give  a  moment  of  80625  ft.  #.  will  h^ 
w  «  Ebe86d25A&0  -  12  *  5  57".     Therefore        leptl    h  of 
g4«  |8  required. 4       Wake  T>'"'   *  24*  and   KB  s  8"  and   'T'' 
vertical,     fry  a  hase  11  ft.  lone-  with  ita  center  in 


piano   ox    the  vortical  i'ac~   of  the  vail  AD.      Than  b   at 
11  feet,     SB  *  5.!,   feet  and  CK*  s  :  .      feat    and   r-r*    -.111 
'.        Assume   wu  -    concrjtj   as  1-0-;?'  pjr   cu.    ft., 

calculated  the  weight  and  center  of  gravity  of  the 
vail,   base  and   filling  over  tha  heel  as  follows;- 
IKE1    =  19.167   x   3.5   x  100   =  6680   x  1.75    «  11720, 
T    =  19.167   x  l.C    t    2   :;  100    *  1450   x   4.0    =  5720,    BOl     * 
1' M61    ...   i.'     t   2  x  140  «  2010  x   45    =  9060,    ABraD   = 
19.1  .  140    *  16  10    ::   5 .  Jc,    m   7020    and    O"0H     JS 

'■'.   0   =  2590  x  5.?    «  1978C  . 

jff  RY  ■=  3.9    :  nd   from 

Y  la;'  off  YV  »  15050#.        I    . ■     ■       '  '   "     .        3  llel 

i 
to   SR  than  YO  will  be  •    ;     '  he    foundation 

and                         can  3 Ing  or  by             ion. 

y  ■  *i"Vir  r  ■  ,7^  +•  ior .  Fio""  =  18500.                -  sultant       ""    Lntor- 

sect  tha  base  i  *  3.90  +(9.5  ♦  10 7r,o/l0750)   i 

.<    +  ■ .  >0  »  io. r  =  ip.s  -  5.5  =  •    ft. 

p   *  15050Ai   =  I-3  70   ",   P*  «•  1370-    (11  >     !0. 17)    =■ 

5230   +    ,       -1   p"   sl  1370    -    (15050  x  B-f  20.17)    «-.'.    00, 

from                                                  hlle  up- 

iif                    ixtfs            ;   1                teel  J  less  than  "  .      I  one 

1  1  I  1                         '          '  ■•■■-■:. 


the  outer  end  of  the  toe   Is  lae*   than   three  tons  p^r 

.    ft,   which  is  wall  within  the   r-.n        ""      jreaaura 
on  any   satisfactory   foundation*     The  wall  will  there* 
fora  ba   safe  from  overturning,   and  while  the  value  of 
pi    would  be   somewhat   incraa.s^d  if  there  were  nothing 
*ealst  the  uplift  p*,   the  friction?.!  resistance  of 

it  e  rial  filled  in  behind  the  wall  will  be  auffleie] 
balance   the  uplift  when  +^„  latter  is  small.     In 

J    uplift  will  be    (11    X  8490   >   7720)   x 
2490   *   2    =  4400#,    while   a   fric  +  ion   of  80#  of  Vy   =.  2650. 
Thla  however  1b  not   dspanded  upon  to  insure   stability 
and  in  not    in    thia   csg.;,    since  without   any  ra<*i~tnnc3 
the   uplift  p'   would  >a  1R0C0   *   (11   -  10.3)   r  s/a   =• 
5O0O#  er  about  3  tonn  par  en.   ft.         She  resultant  of 

reaction   on   the  tea  would  be    [(   13^0  x  5.5  x  2.7?)    f- 
(38f.o  x  5.5   r.  3.67   *  2    )]     ^  |T  13*0  xM    )    +   (3860  X  2.75J]  * 
3.3  ft.   in  front  of  plane    ,T>  and  ita  aroount   ie  14800#. 
Jhs  on    the   toe  will   than  "ha  14*00  x  3.3   s.  48800    '#. 

If  tl  bb  no   reslBtance  to  the  negative  reaction,   it 

sarly  1505C    x    S.67  a  ^"O^O'4.     Usinr   the  largar 
*.  (8  x   55000/100  x  12    )    =.  36 0#  par  linsai    foet 
by  table   of  safe  loada  par  lineal    fro+    for  "baans  1" 


on 


thick,    22"   Is  depth  of  b  •      *ed.      T^  .    • 7 

1  9  plana  2^  is  jtt  i     a  ?  -  i©'  ■-  i  —  Bj,  i  c  10750/28  x  12  = 
11#  par  :■    .    In.   or  on]      about  one   third  i   safe 

th.     Wha^a    the  vertical    rods  enter  tlw 
base    fch     anchorags    r  r    Lred,   must   aqual  the  maximum 

sss  in  the   rods     80625  x  l2,/i8.-;5   =  92000#,     If  t3  a 
"bac^  is  24*  thick  tha    si  trfa<  i  of  the  rods    imbedded 
in  f      1  per  lineal   foot   rf  *Tall  will  be  approximately 

00",    the   perimeter  of     he    *od»    1     Lng  10.6  inches  using 
1-'  "  round  rods,    4"   :.j'J-:r  to   center  (Page  2°2  Turneaure  & 

r) .       The   r1-'; per  sq.   in*   of  surface  will 

50/^00  =  173#  per  sq.  in.        Is  the  longitudinal 

exceeds  th2  limit  of  afe  working  value  of 

(Blon,    the  rods   should  be  deformed  <~;r  b<  Leal 

"bons  used.     r"'-:"  snt  on  the  heel  In  this  case 

-  than   on  tha    *;o;,    for  practical  purposas,    it 

will  gar  be  j  refa  *al  la    t< I  i    '"      ba  -      ~f  anifarm 

out.     Tha  rainfercement   In  tha  base 
';     .   as     t  of  X1tn   rods.    &£■"   above  tha  "hot 
below  3ed    '"  or   centers  in  tha  "bottom  ?md 

g"  centers  €  and    ill   running  transfers  ly. 

Tha      sight   of  tha   wall    Ltsalf  will    add  to   the   rom- 
prassion  par   no.    In.    r>n   the   concrete   at  T>,    caused  by 


banding  moment,   an  amount  proportional  to   its 
;ht.       tn   this  case   it  will  b  •  ougl    - 

is    at   18   x  140/l44   e  18#  pj^-    nq.    in.    '  hlch   may   1 
neglected.     If  the  mil  was  vary  high  and  extreme 
accuracy  desired  this  compressive   stress   due   to    J.hj 

■  t.   of   the   wall  would  bo   considered. 
coTrr^'T^^oPT c«:-.  r.jt  P  =.  1075©#  and!  assuming  counter* 
fortr   rr>*c**rl  10   ft.    srart   on   centers,    tha   thrust   on 

-  ch   count  »rfort  will  ba  1O?5Q0#  and  tl  -    t   tiding  mom 
-t   CD  will   >2   107EMS   x  7,16    =  770,000f#.      The   count    r- 
•"orts  may  hi   desirr.  >d  84"  wide  with  a  depth.  CD  cf  48". 
T!  i   wall  between  t>>;j  counterfortr  will   than  have   e 
'-I  »ar  span  cf  8  ft.,   but   it  will  ba  en  the   side  of 
safety  and  possibly  better  practice  to  calculat 

iding  moment   for  a   span  of  10  ft.   or  distance  centjr 
to   center  of  counterforts .        T>-e  wall    will   ba    fcai   T   d 
from  l.o"  at   the  bottom  to   /lM  at  tha   top  determined 
"by  calculating  loads  per  so.,   ft.   at  tha  lower  op.j  foot 

;on,    center  md  upper   sections*      The   count  ^forts 
nay  taper   ^ron   48*   at  SB   to  1?"  at.   AB   ?n^  will  "b^   re- 
inforce'? with   5   redc.    lfM   dianete*-   ambedded   in   the 
cencr.-te  rarallel   tc    the    inclined   surface.      To  provide 


for   the  longitudinal    she   r    they   should  be  deformed 

bo   sffec         mechanical  bond  with       -   concrete   .-uc. 

bhoj  L;  .  red  j.^    the  base*     The  reinforcement  of 

- i   counterfi     ;s     111   consist  of 

placed  horlaonl  .11;,    about  ijf"   Inside  of  and  parallel 
to  the  front   face*       These  rods  may  nil  be  I"  diameter 
and    spaced  3n  center  to   center  at  bottom  and  9*  oenta 

the    top  or  larger  rodL  may  be  used  In    the  bottom 
s      xl^r  ones  on  the   top,    «)   spaced  at,   fcc    give    an   jqui- 
val j    b  of  ma  ,'1.  r* 

.   2  ac  tit  s.11  and  tl      -      -  orts  i  In* 

resl    "  ply  proTidei     \    .      Ii      hi  v,e 

heel  a  the  coi  from  C  to  H  , 

the  .  .   rods  i;  - ,  base  bi 

omit  ,  -  re  da    Li 

heal  tituted,  rods,  1&*  f- 

ficient.       Longituc  base   sill 

Ls1  bendii 

up\  ■•     1  reaction  i  i     '<    ndi    i  ths    countei — 

forts.  i  -  •    with 

(J      +     )      -r       J  .       .         «      r    .  .      +'t., 

(0.33   *  0.83)    *  8  x  19.5  *  90.      cu.      b.j 


97. r    -f  nn/    =   X8fl    CU«    ft*       lpp    X   140    =   3S230#. 

weight  of  the  filling  ©rer  t3      )      1  behind  t3 

LlH    (    r  .?   x  10  r-  19  .r)    -  188    =  B84.F    en.    ft.j 
."   y  100   a  88450#.      The  weight   rf  "•'      base  Is  2  :~ 
11  z  10  x  140   *  30800#  and  the   teta] 

ndatlen  will   b<    26230  *  88490  *  30800   =  145, 180#  or 
1    548#  per  lineal    foot,    15©50#  in   J~  vioi  Is. 

The  difference  being  1  n  5^?  the  regultan       i*     suree 

on  the   ffupf'^.l.onc   ar  'orp. 

the  reaction  Is  transferred  longitudinally  to  the 
counterforts  by  that  v-'ft  of  the  width  of    td  i   o 
only  whicb   is  finder  and  covered  by  the  c^  "ts 

*vfl   dividing  14548/48  the  width  of  the  portlei led 

-l     carry  load,   we   get   30©#  par  lineal   foot  T  »**   1 
wldtb   r  <»  >,  ir>-^  i       ri-r. (-,--!    ■  - "  ]      for  b    span  <  £  ^r'    ^*    it  we 
^.nf'  -    bean  !?0"  d  .•  :v  is  required,   but  our  base   Is  34" 
5     p^    irhlcb   glwes   a   r-  'gin   of  fl   .   longi- 

tudinal   reinforc  ot  nt  in     '  Df     !      bas      will 

consist   of  r   -  l-jt"  diamel  »r    "ound   rod3i 


TH3     SI0RA02     3  K 


In  a  plant  having  a  capacity  of  from  60,000 
to  00,000  "brick  per  day,  a  storage  place  of  large 
capacity  is  required.   To  thie  end,  a  building 
was  designed  to  hold  approxirantely  two  million 
brick,  thie  affording  ample  room  for  storage  of 
the  finished  product  as  well  as  the  implements 
used  in  loading.   To  facilitate  loading,  the  shed 
was  designed  as  a  long  thin  structure,  located 
as  near  as  feasible  to  the  loading  track.  By 
virtue  of  the  length  of  the  building,  it  is  pos- 
sible to  load  five  cars  at  o*»ce  with  a  minimum  of 
handling  of  the  brick.   The  doors  are  made  to 
swing  outward,  and  are  wide  and  high  enough  to 
permit  the  passage  of  a  well  loaded  truck.   The 
loading  platform,  being  at  the  same  level  as  the 
floor  of  the  building  and  the  cars,  the  loading  of 
the  material  is  greatly  simplified. 

The  structure  was  designed  for  simplicity 
and  as  much  beauty  as  was  consistent  with  the  pur- 
pose for  which  it  was  to  be  used.   The  panel 
effect  is  produced  on  the  sides  of  the  building 


by  the  columns  projecting  from  the  wall  a  distance 
of  three  inches  and  on  the  end  walls  pilasters  were 
used  for  stability  at  well  as  appearance.   Stand- 
ard material  was  used  wherever  possible  and  prac- 
tically no  special  pieces  were  required.   The  roof 
consists  of  a  slate  covering  laid  on  a  steel  truss. 
(The  details  of  this  truss  are  shown  on  plated). 

The  whole  shed  was  designed  to  be  thoroughly 
fire  proof*   The  steel  doors  and  window  frames, 
and  the  concrete  of  the  walls  and  foundation  afford 
no  fuel  for  a  fire  and  the  contents  of  the  building 
■•re  also  incombustible.   AS  this  is  an  ideal  case* 
the  design  may  not  be  applicable  to  all  conditions 
met  with  in  actual  construction.   Considerable  var- 
iation may  be  required  where  unusual  conditions  are 
met  with,  but  under  the  average  conditions  this  de- 
sign will  suffice.   The  exposed  concrete  surfaoe  is 
to  be  waterproofed  with  some  good  waterproofing  ma- 
terial (ironite  preferred)  and  treated  with  finish- 
ing tools  where  needed. 

The  walls  were  assumed  to  be  six  inches  thick 
with  l/4  in.  temperature  rods  extending  thru  the 


center.   Inasmuch  as  the  weight  of  the  roof  is  car- 
ried at  the  panel  points,  this  thickness  was  adopted 
and  found  to  be  as  heavy  as  needed  in  a  building  of 
this  sort.   Where  doors  and  windows  were  to  be  put 
in,  I  beam  reinforcing  was  used  to  carry  the  load 
of  the  material  above  the  openings.   The  following 
calculations  show  the  method  of  deciding  upon  the 
reinforcing  needed. 

Assuming  a  door  S'-O"  wide  nnd  7*-0"  high*  the 
weight  of  the  concrete  above  the  door  would  be 
6X5  x  150  5  3000#.   Using  the  Cambria  steel  book,  on 
page  85  we  find  tables  for  the  proper  design,  and  on 
page  82,  a  description  of  the  use  of  these  tables. 
Assuming  a  span  of  11' -0",  we  find  the  safe  load 
above  to  be  5160#.   Applying  the  formula,  we  have 
5160  X  100/121  -  4260#  as  the  safe  load  for  a  5n  I 
beam  -  9.75^  1  ft.   As  this  is  in  excess  of  the 
load  to  be  applied,  this  beam  is  adaptable  to  our 
design. 

Assuming  a  9  ft.  span  over  the  windows,  we  have 
a  load  of  7.3  X  4  x  150=  2190#  to  be  supported. 


lining  a  7.5#  -  4#  in.  I  beam,  the  safe  load  it 
3980  X  64  8  314Q#.   At  the  next  smaller  beam  has  a 

g_ 

safe  load  less  than  the  load  to  he  upheld,  the  7.5^  - 
4  in.  beam  was  used.   This  size  bean  was  found  to  be 
adaptable  for  use  in  the  end  windows  as  well  as  the 
side  windows. 

The  doors  are  steel  and  are  hung  on  standard 
hinge*  and  need  no  further  remarks  except  to  mention 
that  the  width  of  8*-0«  and  height  of  7,-0"  allows  a 
fully  loaded  truck  to  pass  them. 

The  windows  were  designed  to  give  a  maximum 
amount  of  lighting  area  without  the  use  of  skylights. 
To  this  end,  standard  Fenestra  steel  windows  (iihf  73) 
7* -3  1/2 "X  4»-8"  ware  used  in  the  side  walls.   This 
size  is  as  large  as  feasible  and  danger  of  breakage 
is  lessened  cy  division  of  the  lighting  space  into 
twenty-one  small  panes.   In  the  end  walls,  7' -3  1/2" 
X  (Y36)  7'-8  3/4*  -  35  pane  windows  were  used  at 
each  side  and  a  9*-3  l/8"  X  6»  -  4  3/16"  (Y36)  -  36 
pane  was  used  in  the  center,  as,  shown  on  the  drawing. 
The  method  of  making  the  connection  of  the  windows 


5 

to  the  wall  is  standard  for  Fenestra  steel  windows 

and  is  shown  in  detail  in  the  drawing.   These  largo 
windows  in  the  ends  of  the  building  and  the  smaller 
over  along  the  sides,  together  with  the  openings 
formed  "by  the  doors  should  give  enough  light  for  the 
handling  of  material.   The  steel  window  frames  insure 
a  perfect  fire-proof  structure  throughout  as  well  as 
maximum  stability  of  the  structure. 

The  columns  were  designed  to  be  one  foot  square 
and  twelve  feet  above  the  ground  line,  making  a  to- 
tal height  of  fourteen  feet  from  the  top  of  the  foot- 
ing to  the  top  of  the  walls.   The  load  to  be  carried 
at  the  panel  points  is  13,650;?  (the  weight  of  the  roof 
-  allowance  being  made  for  wind  pressure.)  Assuming 
a  working  value  of  400;*  1  eq.  in.  for  plain  concrete, 
a  pis  in  column  would  have  a  safe  strength  of  144  X 
400  »57,600(/.   As  the  load  to  be  carried  was  about 
one  fourth  of  this,  there  was  no  reinforcing  actually 
required.   To  make  the  corners  of  the  column  strong, 
7/8  in.  round  twisted  rods  were  placed  in  each  corner. 
This  gave  assurance  of  very  little  danger  of  the 
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corners  "breaking. 

The  footings  at  each  column  were  designed  on  the 
assumption  that  the  ground  underneath  would  uphold  a 
pressure  of  3,000^  per  sq.  ft.   The  load  to  he  applied 
consisted  of  13,650;/. 

13650/3000  equals  4.55  sq.  ft.  needed.   Assuming 

a  footing  3*-3M  square,  we  have  an  area  of  5.07  sq.  ft. 

to  hear  the  load,  which  is  large  enough  to  carry  the 

load  from  the  roof  as  well  as  the  weight  of  the  column. 

Between  columns,  the  footing  was  assumed  to  he  l,-0* 

wide.   As  the  weight  of  the  concrete  wae  the  only  load 

to  be  carried,  the  actual  area  required  was  9300  »3.1 

3000 
sq.  ft.   The  area  affected  by  this  one  foot  footing 

was  12.7  sq.  ft.   The  footings  were  carried  to  a  depth 
of  2'-0w  all  around  the  building.   This  involves  a  to- 
tal depth  of  4'-0M  below  the  ground  line,  which  is 
ample  for  stability.   This  design  was  ample  for  the  ac- 
tual needs  and  sufficient  stability. 

Inasmuch  at  the  material  to  be  stored  was  not  ex- 
cessively heavy,  a  very  simple  floor  construction  was 
decided  upon.   A  bed  of  cinders  is  laid  down  to  a 


depth  necessary  to  have  the   cinders  in  contact  with 
firm  soil.     Those  cinders  are  taraped  thoroughly  and 
rolled  very    carefully  and  brought  to  the  required 
level.     After  the   cinder  bed  ha*  been  compressed  in- 
to a  compact  mass,   a  4   in.    layer  of  1-3-6   concrete  is 
laid  on  top  of  it.     A  layer  2  in  of  1-2-3  concrete  is 
then  put  down  to  form  a  trucking  surface.      This  de- 
sign is  simple  and  inexpensive  and  affords  a  good  sol- 
id floor  for  the  storage  of  the  brick.      Crone  walls 
are  to  be  used  tfhere  the  ground  is  not  firm  enough  to 
peroit   constructJon  of   this  sort. 
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North     Elevation  of  Storage   Shed- 
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